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(54) DISPLAY ELEMENT, SYSTEM, AND METHOD

(57) A system may include a display element (116).
The display element may include pixel groups. Each of
the pixel groups may include a first set of sub-pixels and
a second set of sub-pixels. The first set of sub-pixels may
include: a first sub-pixel (802); a second sub-pixel (804);
and a third sub-pixel (806). The second set of sub-pixels
may include: a fourth sub-pixel (808); a fifth sub-pixel
(810); and a sixth sub-pixel (812). Each of the fourth

sub-pixel, the fifth sub-pixel, and the sixth sub-pixel may
have a maximum brightness that is dimmer than a max-
imum brightness of each of the first sub-pixel, the second
sub-pixel, and the third sub-pixel. Some or all sub-pixels
of one of the first set of sub-pixels or the second set of
sub-pixels may be driven while all sub-pixels of the other
of the first set of sub-pixels or the second set of sub-pixels
are undriven.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication is related to and claims
priority from: United States Application Serial Number
63/015,077, titled DISPLAY ELEMENT, SYSTEM, AND
METHOD, filed April 24, 2020.

[0002] The presentapplicationisrelatedto U.S. Patent
Application No. 16/704,322, filed December 5, 2019.

BACKGROUND

[0003] Currently,itis difficult to drive emissive displays
to extremely low luminance levels required for head-up
displays (HUDs), head worn displays (HWDs), and hel-
met mounted displays (HMDs) operating under very low
light level ambient conditions, while still maintaining the
capability to drive such displays to a brightness required
for operation in bright ambient conditions.

[0004] Insome HUDs, HWDs, and HMDs, the ambient
environments such displays operate in range from near
total darkness to full midday sun. The display should be
visible to the user under the full range of ambient lighting
conditions without impeding perception of the real world.

SUMMARY

[0005] In one aspect, embodiments of the inventive
concepts disclosed herein are directed to a system. The
system may include a display element. The display ele-
ment may include pixel groups. Each of the pixel groups
may include a first set of sub-pixels and a second set of
sub-pixels. The first set of sub-pixels may include: a first
sub-pixel configured to output light of a first color; a sec-
ond sub-pixel configured to output light of a second color;
and a third sub-pixel configured to output light of a third
color. The second set of sub-pixels may include: a fourth
sub-pixel configured to output light of the first color; a fifth
sub-pixel configured to output light of the second color;
and a sixth sub-pixel configured to output light of the third
color. Each of the fourth sub-pixel, the fifth sub-pixel, and
the sixth sub-pixel may have a maximum brightness that
is dimmer than a maximum brightness of each of the first
sub-pixel, the second sub-pixel, and the third sub-pixel.
Some or all sub-pixels of one of the first set of sub-pixels
or the second set of sub-pixels may be driven while all
sub-pixels of the other of the first set of sub-pixels or the
second set of sub-pixels are undriven.

[0006] In a further aspect, embodiments of the inven-
tive concepts disclosed herein are directed to a method.
The method may include: providing a display element
comprising a plurality of pixel groups, each of the plurality
of pixel groups comprising a first set of sub-pixels and a
second set of sub-pixels, the first set of sub-pixels com-
prising a first sub-pixel configured to output light of a first
color, a second sub-pixel configured to output light of a
second color, and a third sub-pixel configured to output
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light of a third color, the second set of sub-pixels com-
prising a fourth sub-pixel configured to output light of the
first color, a fifth sub-pixel configured to output light of
the second color, and a sixth sub-pixel configured to out-
put light of the third color, wherein each of the fourth sub-
pixel, the fifth sub-pixel, and the sixth sub-pixel has a
maximum brightness that is dimmer than a maximum
brightness of each of the first sub-pixel, the second sub-
pixel, and the third sub-pixel; and driving some or all sub-
pixels of one of the first set of sub-pixels or the second
set of sub-pixels while all sub-pixels of the other of the
first set of sub-pixels or the second set of sub-pixels are
undriven.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Implementations of the inventive concepts dis-
closed herein may be better understood when consider-
ation is given to the following detailed description thereof.
Such description makes reference to the included draw-
ings, which are not necessarily to scale, and in which
some features may be exaggerated and some features
may be omitted or may be represented schematically in
the interest of clarity. Like reference numerals in the
drawings may represent and refer to the same or similar
element, feature, or function. In the drawings:

FIG. 1 is a view of an exemplary embodiment of a
system including a helmet-mounted display (HMD)
according to the inventive concepts disclosed here-
in.

FIG. 2 is a view of the HMD of FIG. 1 according to
the inventive concepts disclosed herein.

FIG. 3 is a view of the eye tracking system of FIGS.
1-2 according to the inventive concepts disclosed
herein.

FIG. 4 is a view of the head tracking system of FIGS.
1-2 according to the inventive concepts disclosed
herein.

FIG. 5 is a view of an exemplary embodiment of a
system including a near-eye display according to the
inventive concepts disclosed herein.

FIG. 6 is a view of an exemplary embodiment of a
systemincluding a head-up display (HUD) according
to the inventive concepts disclosed herein.

FIG. 7 depict an exemplary embodiment of the proc-
essor, control circuitry, and the display element of
FIGS. 1,5, and 6 according to the inventive concepts
disclosed herein.

FIGS. 8A, 8B, 8C, and 8D depict exemplary embod-
iments of the display element of FIGS. 1, 5, and 6
according to the inventive concepts disclosed here-
in.

FIG. 9 is a diagram of an exemplary embodiment of
a method according to the inventive concepts dis-
closed herein.
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DETAILED DESCRIPTION

[0008] Before explaining at least one embodiment of
the inventive concepts disclosed herein in detail, it is to
be understood that the inventive concepts are not limited
in their application to the details of construction and the
arrangement of the components or steps or methodolo-
gies set forth in the following description or illustrated in
the drawings. In the following detailed description of em-
bodiments of the instant inventive concepts, numerous
specific details are set forth in order to provide a more
thorough understanding of the inventive concepts. How-
ever, it will be apparent to one of ordinary skill in the art
having the benefit of the instant disclosure that the in-
ventive concepts disclosed herein may be practiced with-
out these specific details. In other instances, well-known
features may not be described in detail to avoid unnec-
essarily complicating the instant disclosure. The inven-
tive concepts disclosed herein are capable of other em-
bodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology
and terminology employed herein is for the purpose of
description and should not be regarded as limiting.
[0009] As used herein a letter following a reference
numeral is intended to reference an embodiment of the
feature or elementthat may be similar, but not necessarily
identical, to a previously described element or feature
bearing the same reference numeral (e.g., 1, 1 a, 1b).
Such shorthand notations are used for purposes of con-
venience only, and should not be construed to limit the
inventive concepts disclosed herein in any way unless
expressly stated to the contrary.

[0010] Further, unless expressly stated to the contrary,
"or" refers to an inclusive or and not to an exclusive or.
For example, a condition A or B is satisfied by anyone of
the following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).
[0011] In addition, use of the "a" or "an" are employed
to describe elements and components of embodiments
of the instant inventive concepts. This is done merely for
convenience and to give a general sense of the inventive
concepts, and "a" and "an" are intended to include one
or at least one and the singular also includes the plural
unless it is obvious that it is meant otherwise.

[0012] Finally, as used herein any reference to "one
embodiment,” or "some embodiments" means that a par-
ticular element, feature, structure, or characteristic de-
scribed in connection with the embodiment is included in
at least one embodiment of the inventive concepts dis-
closed herein. The appearances of the phrase "in some
embodiments" in various places in the specification are
not necessarily all referring to the same embodiment,
and embodiments of the inventive concepts disclosed
may include one or more of the features expressly de-
scribed or inherently present herein, or any combination
of sub-combination of two or more such features, along
with any other features which may not necessarily be
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expressly described or inherently present in the instant
disclosure.

[0013] Broadly, embodiments of the inventive con-
cepts disclosed herein are directed to a method and a
system including a first set of sub-pixels and a second
set of sub-pixels. Each sub-pixel of the second set of
sub-pixels may have a maximum brightness that is dim-
mer than a maximum brightness of each sub-pixel of the
first set of sub-pixels. Some or all sub-pixels of one of
the first set of sub-pixels or the second set of sub-pixels
may be driven while all sub-pixels of the other of the first
set of sub-pixels or the second set of sub-pixels are un-
driven. In some embodiments, each sub-pixel of the sec-
ond set of sub-pixels may further have a minimum bright-
ness that is dimmer than a minimum brightness of each
sub-pixel of the first set of sub-pixels.

[0014] Some embodiments may support full color over
a wide range of required dimming conditions. Some em-
bodiments may provide an extended dimming range of
a full color display including a six-sub-pixel architecture
with separate red, green, and blue subpixels for day
mode and separate sub-pixels for night mode. Some em-
bodiments may have improved modulation transfer func-
tion (MTF) performance achieved when operating only
the night mode subpixels. In some embodiments, band-
width requirements may be reduced over existing ap-
proaches (e.g., which may require 32 or 48 bits per pixel)
to 24 bits per pixel maximum, while still maintaining full
color over the entire dimming range. In some embodi-
ments, pixel drive complexity may be reduced over ex-
isting approaches, which may reduce a total number of
transistors needed for each pixel. Some embodiments
provide a method to achieve a display with a full color
support over an entire display dimming range. Typical
HMD applications may require a maximum brightness of
10,000 foot Lamberts (ftL) with a dimming range in ex-
cess of 150,000:1. Some embodiments may support full
color over the entire dimming range, down to the limits
of human perception, and may simplify bandwidth and
electronics requirements. Existing approaches have not
supported full color down to the limits of human percep-
tion.

[0015] Some embodiments may be useful for high dy-
namic luminance range displays and for augmented re-
ality (AR), virtual reality (VR), and/or mixed reality (MR)
systems and displays.

[0016] Some embodiments may provide an optimized
sub-pixel color architecture for improved MTF for night
vision imaging performance in day mode and/or night
mode for display elements (e.g., AR display elements
and/or VR display elements).

[0017] Some embodiments may include a sub-pixel ar-
chitecture optimized to provide a best night time/low lu-
minance display performance for a grayscale (e.g., white
grayscale or green grayscale) or color display image.
Some embodiments may include a video drive scheme
for minimizing bandwidth required for the sub-pixel ar-
chitecture.
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[0018] Typically, displays (e.g., AR displays) for head
wearable devices (HWDs) (e.g., HMDs and near-eye dis-
plays) and head-up displays (HUDs) require very bright
displays in order to be seen against sunlit outdoor envi-
ronments such as a white cloud, blue sky or even the
ground. Typically, these displays need to be able to op-
erate in extremely dark environments, which can neces-
sitate the need of a high dynamic brightness range (e.g.,
150,000:1)forthe displays. In some cases, improved dis-
play image performance may be required in a low ambi-
ent luminance.

[0019] Typically, meeting a brightness requirement for
night vision scenes down to 0.01 fL can be a challenge
for organic light emitting diode (OLED) and light emitting
diode (LED)displays. Typically, each sub-pixel has diode
characteristics and requires a forward biased voltage to
begintoilluminate the display. Typically, there is too small
of a margin between the forward bias and the actual volt-
age required to illuminate the display at very low light
levels. This can result in the use of additional sub-pixel
drive schemes such as pulse width modulation (PWM)
that can create complexity in the design.

[0020] Some embodiments take advantage of dimmer
sub-pixels to display capabilities in low light environ-
ments. For example, to meet a low light video scene re-
quirement, the dimmer sub-pixels may have less efficien-
cy than other sub-pixels of a pixel group. Reducing the
efficiency of the dimmer sub-pixel may increase the mar-
gin between the forward bias voltage and the voltage
required for the first shade of gray (SOG) (e.g., 0.01 ftL).
This may result in a more stable design with less com-
plexity. For example, some embodiments may reduce
the efficiency of the dimmer sub-pixels such that when
driven just above the minimum drive voltage, the output
may fall below threshold brightness requirement (e.g., a
0.01 fL). For example, this may provide a larger voltage
gap between the forward bias and minimum drive volt-
ages and may simplify control of pixel brightness.
[0021] Some embodiments may provide sub-pixels
that have a maximum brightness that is dimmer than a
maximum brightness of each of other sub-pixels of the
pixel group by including any of various means of reducing
the luminous efficacy of the dimmer sub-pixels as com-
pared to the luminous efficacy of the other sub-pixels of
a pixel group. Luminous efficacy is the ratio of luminous
flux to electrical input power with units of Lumens per
Watt. For example, dimming the dimmer sub-pixels may
be achieved by: reducing an emitter area of each dimmer
sub-pixel to smaller than the dimmer sub-pixel area; ap-
plying a mask layer to each dimmer sub-pixel to partially
block light; applying a filter (e.g., an organic filter or an
inorganic filter) material, which may be polarization sen-
sitive or insensitive, to attenuate light; reducing the ef-
fective size of a drive transistor in each dimmer sub-pixel;
adding absorbing particles, such as phosphor or quan-
tum dots, to the emitting surface of each dimmer sub-
pixel to reduce overall transmission of light; and/or treat-
ing the emitting surface of each dimmer sub-pixel, such
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as to form microstructures, to prevent light from exiting.
For example, by reducing the brightness of the dimmer
sub-pixels, additional margin may be created between
the forward bias voltage and drive voltage. This margin
may allow the system to generate sufficient shades of
gray (SOG) (e.g., 16 SOGQG) to the eye under low lumi-
nance conditions. In some embodiments, the dimmer
sub-pixels may be able to achieve a minimum luminance
level of 0.001 fL.

[0022] Referring now to FIGS. 1-4, an exemplary em-
bodiment of a system 100 according to the inventive con-
cepts disclosed herein is depicted. The system 100 may
be implemented as any suitable system, such as a vehi-
cle (e.g., an aircraft (e.g., an airplane and/or helicopter),
a watercraft, a submersible craft, an automobile, or a
train), a wearable system, and/or a work station. For ex-
ample, as shown in FIG. 1, the system 100 may include
at least one head wearable device (e.g., HMD 102, an
AR headset, or a near-eye display (e.g., 502 as shown
in FIG. 5)); while some embodiments may include the
HMD 102, other embodiments may include one or more
elements of the HMD 102 implemented without the HMD
102 orinanother device. In some embodiments, the HMD
102 may include at least one eye tracking system 104,
at least one head tracking system 106, at least one night
vision sensor 108, at least one processor 110, at least
one optical system 112, and at least one visor 114, some
or all of which may be communicatively coupled at any
given time.

[0023] The HMD 102 may be implemented as any suit-
able HMD in any suitable environment. For example, as
shown in FIG. 2, the HMD 102 may be implemented as
a lightweight, wide field of view (FOV), off-the-visor HMD
with an integrated night vision system that may provide
a user with unparalleled and intuitive access to flight,
navigation, tactical, and/or sensor information that may,
for example, be displayed on the visor 114.

[0024] The eye tracking system 104 may include at
least one infrared light source 302 (e.g., at least one in-
frared light emitting diode (LED)), at least one infrared
image sensor 304, at least one processor 306, and at
least one memory 308, as well as other components,
equipment, and/or devices commonly included in an eye
tracking system, some or all of which may be communi-
catively coupled at any time, as shown in FIG. 3. The eye
tracking system 104 may be configured to track eye ges-
tures, track movement of a user’s eye, track a user’s
gaze, and/or otherwise receive inputs from a user’s eyes.
The eye tracking system 104 may be configured for per-
forming fully automatic eye tracking operations of users
in real time.

[0025] The infrared lightsource 302 may be configured
to emit infrared light onto an environment onto at least
one eye of a user.

[0026] The infrared sensitive image sensor 304 may
be configured to capture images of the environment illu-
minated by the infrared light source 302.

[0027] The processor 306 may be configured to proc-
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ess data received from the infrared sensitive image sen-
sor 304 and output processed data to one or more de-
vices or systems of the HMD 102 and/or the system 100.
For example, the processor 306 may be configured to
generate eye tracking data and output the generated eye
tracking data to one of the devices (e.g., the processor
110) of the HMD 102 and/or the system 100. The proc-
essor 306 may be configured to run various software ap-
plications or computer code stored (e.g., maintained) in
a non-transitory computer-readable medium (e.g., mem-
ory 308) and configured to execute various instructions
or operations. The processor 306 may be implemented
as a special purpose processor configured to execute
instructions for performing (e.g., collectively performing
if more than one processor) any or all of the operations
disclosed throughout. For example, the processor 306
may be configured to: receive image data from the infra-
red sensitive image sensor 304; track movement of at
least one eye of a user based on the image data; and/or
output eye tracking system data indicative of the tracked
movement of the at least one eye of the user. For exam-
ple, the processor 306 may be configured to: perform
visor distortion correction operations; perform eye map-
ping and alignment operations; output, via at least one
data connection, eye tracking system data (e.g., indica-
tive of eye azimuth and/or elevation) to an aircraft inter-
face, simulator interface, and/or other computing device
of the system; and/or perform a head tracking translation
operation.

[0028] The head tracking system 106 may have opti-
cal, magnetic, and/or inertial tracking capability. The
head tracking system 106 may include at least one sen-
sor 402, at least one processor 404, and at least one
memory 406, as well as other components, equipment,
and/or devices commonly included in a head tracking
system, some or all of which may be communicatively
coupled at any time, as shown in FIG. 4. The atleast one
sensor 402 may be at least one optical sensor (e.g., an
optical infrared sensor configured to detectinfrared light),
at least one magnetic sensor, and/or at least one inertial
sensor. The head tracking system 106 may be configured
to determine and track a position and an orientation of a
user’s head relative to an environment. The head tracking
system 106 may be configured for performing fully auto-
matic head tracking operations in real time. The proces-
sor 404 of the head tracking system 106 may be config-
ured to process data received from the sensors 402 and
output processed data to one of the computing devices
of the system and/or the processor 110 for use in gen-
erating images aligned with the user’s field of view, such
as augmented reality or virtual reality images aligned with
the user’s field of view to be displayed by the optical sys-
tem 112 onto the visor 114. For example, the processor
404 may be configured to determine and track a position
and orientation of a user’s head relative to an environ-
ment. Additionally, for example, the processor 404 may
be configured to generate position and orientation data
associated with such determined information and output

10

15

20

25

30

35

40

45

50

55

the generated position and orientation data. The proces-
sor 404 may be configured to run various software ap-
plications or computer code stored in a non-transitory
computer-readable medium (e.g., memory 406) and con-
figured to execute various instructions or operations. The
at least one processor 404 may be implemented as a
special purpose processor configured to execute instruc-
tions for performing (e.g., collectively performing if more
than one processor) any or all of the operations disclosed
throughout.

[0029] The night vision image sensor 108 (e.g., a night
vision camera) may be configured to capture night vision
images of the environment. In some embodiments, the
night vision image sensor 108 may be configured to de-
tect infrared light. In some embodiments, the night vision
image sensor 108 may be configured to output night vi-
sion image data to the processor 110, which may output
the images to the optical system 112 to be displayed onto
the visor 114.

[0030] The atleast one processor 110 may be imple-
mented as any suitable processor(s), such as at least
one general purpose, at least one image processor, at
least one graphics processing unit (GPU), and/or at least
one special purpose processor, configured to execute
instructions for performing (e.g., collectively performing
if more than one processor) any or all of the operations
disclosed throughout. In some embodiments, the proc-
essor 110 may be communicatively coupled to the dis-
play element 116. For example, the processor 110 may
be configured to: receive the eye tracking system data;
receive the head tracking system data; receive the night
vision image data; generate and/or output synthetic vi-
sion system image data to the optical system 112, for
example, based on the eye tracking system data and/or
the head tracking system data; generate and/or output
night vision image data to the optical system 112, for
example, based on the eye tracking system data and/or
the head tracking system data; generate and/or output
augmented reality and/or virtual reality image data to the
optical system, for example, based on the eye tracking
system data and/orthe head tracking system data; and/or
generate and/or output other image data, which may in-
clude vehicle operation (e.g., flight) information, naviga-
tion information, tactical information, and/or sensor infor-
mation to the optical system 112, for example, based on
the eye tracking system data and/or the head tracking
system data.

[0031] The optical system 112 may be configured to
receive image data from the processor 110 and project
images onto the visor 114 for display to the user. The
optical system 112 may include at least one display ele-
ment 116. While the display element 116 is exemplarily
depicted and described as being part of the optical sys-
tem 112, in some embodiments, the display element 116
may be used in other display applications that do not
include an optical system. In some embodiments, the
optical system 112 may take the display element 116 as
an input and transfer, translates, and/or form an image
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to the correct size and/or orientation for the user to view
the information. In some embodiments, the optical sys-
tem 112 may include atleast one lens, atleast one mirror,
diffraction gratings, at least one polarization sensitive
component, at least one beam splitter, at least one com-
biner, at least one waveguide, at least one light pipe, at
least one window, and/or the display element 116. For
example, the optical system 112 may include a collima-
tor. For example, the optical system 112 may include a
relay lens. For example, the optical system 112 may in-
clude a collimator and a combiner (e.g. a flat combiner).
For example, the optical system 112 may include a relay
lens and a combiner (e.g., a curved combiner). For ex-
ample, the optical system 112 may include a prism col-
limator and a beam splitter. For example, the optical sys-
tem 112 may include collimator and a waveguide (e.g.,
a diffractive, mirror, or beam splitter based waveguide).
[0032] Insome embodiments, the display element 116
may be an emissive display element, such as an OLED
or micro-LED display element. In some embodiments,
the display element 116 may include red, green, and blue
sub-pixels. The display element 116 may be configured
to display RGB and/or grayscale images and/or video.

[0033] The display element 116 may include a plurality
of pixel groups 814 (e.g., as shown in FIGS. 8A-8D). As
used throughout, a pixel group is a group of sub-pixels.
For example, each of the plurality of pixel groups 814
may include a plurality (e.g., at least six) of sub-pixels
802, 804, 806, 808, 810, 812. For example, each of the
plurality of pixel groups 814 may include a first set of sub-
pixels and a second set of sub-pixels. For example, the
first set of sub-pixels may include: a first sub-pixel 802
configured to output light of a first color (e.g., red); a sec-
ond sub-pixel 804 configured to output light of a second
color (e.g., green); and a third sub-pixel 806 configured
to output light of a third color (e.g., blue). For example,
the second set of sub-pixels may include: a fourth sub-
pixel 808 configured to output light of the first color (e.g.,
red); a fifth sub-pixel 810 configured to output light of the
second color (e.g., green); and a sixth sub-pixel 812 con-
figured to output light of the third color (e.g., blue). In
some embodiments, each of the fourth sub-pixel 808, the
fifth sub-pixel 810, and the sixth sub-pixel 812 may have
a maximum brightness that is dimmer (e.g., at least four
times dimmer) than a maximum brightness of each of the
first sub-pixel 802, the second sub-pixel 804, and the
third sub-pixel 806. In some embodiments, some or all
sub-pixels of one of the first set of sub-pixels or the sec-
ond set of sub-pixels are driven while all sub-pixels of
the other of the first set of sub-pixels or the second set
of sub-pixels are undriven. In some embodiments, each
of the plurality of pixel groups 814 may be configured to
provide color output by using 24 bits of bandwidth (e.g.,
8 bits per color channel) by only driving one of the first
set of sub-pixels or the second set of sub-pixels ata time.
24 bits of bandwidth is significantly less than 48 bits that
would be needed for a typical six sub-pixel configuration
or 32 bits that would be needed for a typical four sub-
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pixel configuration; such bandwidth reduction may sim-
plify the interconnect required to provide the pixel groups
814 with color image data. In some embodiments, each
of the plurality of pixel groups 814 may include one or
more additional sub-pixels having any suitable color
and/or brightness.

[0034] Additionally, for example, the processor 110
may be configured to: control dimming of and/or gray-
scale for the sub-pixels 802, 804, 806, 808, 810, 812.
Additionally, the processor 110 may be configured to con-
trol whether the display element 116 is to be operated in
the day mode or the night mode.

[0035] Additionally, for example, the processor 110
may be further configured to: operate in a day mode and
a night mode; when in the day mode, receive red green
blue (RGB) video, and drive some or all of the red, green,
and blue sub-pixels 802, 804, 806 of each of the first set
of sub-pixels corresponding to the RGB video such that
the RGB video is displayed with relatively high bright-
ness;and whenin the night mode, receive the RGB video,
and drive some or all of the red, green, and blue sub-
pixels 808, 810, 812 of each of the second set of sub-
pixels corresponding to the RGB video such that the RGB
video is displayed with relatively low brightness.

[0036] Referring now to FIG. 7, an exemplary embod-
iment of the system 100 of FIG.1 including control cir-
cuitry 702 according to the inventive concepts disclosed
herein is depicted. For example, the control circuitry 702
may be communicatively coupled to the processor 110
and to the display element 116 (e.g., to each sub-pixel
802, 804, 806, 808, 810, 812 of each pixel group 814).
For example, for each pair 802/808, 804/810, 806/812
of sub-pixels having a given color, the control circuitry
702 may include gates 704-1, 704-2 and transistors
706-1, 706-2. For example, the control circuitry may in-
clude: a first transistor 706-1 communicatively coupled
to the first sub-pixel 802, a second transistor (e.g., sim-
ilarly configured as 706-1) communicatively coupled to
the second sub-pixel 804, a third transistor (e.g., similarly
configured as 706-1) communicatively coupled to the
third sub-pixel 806, a fourth transistor 706-2 communi-
catively coupled to the fourth sub-pixel 808, a fifth tran-
sistor (e.g., similarly configured as 706-2) communica-
tively coupled to the fifth sub-pixel 810, and a sixth tran-
sistor (e.g., similarly configured as 706-2) communica-
tively coupled to the sixth sub-pixel 812. For example,
when operating in the day mode (e.g., for operating in a
high luminance environment), the first transistor 706-1,
the second transistor (e.g., similarly configured as
706-1), and the third transistor (e.g., similarly configured
as 706-1) allow the first, second, and third sub-pixels
802, 804, 806, respectively, to be driven while the fourth
transistor 706-2, the fifth transistor (e.g., similarly config-
ured as 706-2), and the sixth transistor (e.g., similarly
configured as 706-2) prohibit the fourth, fifth, and sixth
sub-pixels 808, 810, 812, respectively, from being driven.
For example, when operating in the night mode (e.g., for
operating with color night vision video in a low luminance
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environment), the first transistor 706-1, the second tran-
sistor (e.g., similarly configured as 706-1), and the third
transistor (e.g., similarly configured as 706-1) prohibit the
first, second, and third sub-pixels 802, 804, 806, respec-
tively, from being driven while the fourth transistor 706-2,
the fifth transistor (e.g., similarly configured as 706-2),
and the sixth transistor (e.g., similarly configured as
706-2) allow the fourth, fifth, and sixth sub-pixels 808,
810, 812, respectively, to be driven. For example, the
processor 110 may be configured to determine whether
to operate in the day mode or the night mode.

[0037] Referring now to FIG. 5, an exemplary embod-
iment of a system according to the inventive concepts
disclosed herein is depicted. The system may be imple-
mented as any suitable system, such as a vehicle (e.g.,
an aircraft (e.g., an airplane and/or helicopter), a water-
craft, a submersible craft, an automobile, or a train), a
wearable system, and/or a work station. For example, as
shown in FIG. 5, the system may include at least one
near-eye display 502. In some embodiments, the near-
eye display 502 may include some or all of the elements
of the HMD 102 of FIG. 1, and such elements may func-
tion similarly as described with respect to the HMD 102
of FIG. 1.

[0038] Referring now to FIG. 6, an exemplary embod-
iment of a system according to the inventive concepts
disclosed herein is depicted. The system may be imple-
mented as any suitable system, such as a vehicle (e.g.,
an aircraft (e.g., an airplane and/or helicopter), a water-
craft, a submersible craft, an automobile, or a train), a
wearable system, and/or a work station. For example, as
shown in FIG. 6, the system may include at least one
HUD 602. In some embodiments, the HUD 602 may in-
clude some or all of the elements of the HMD 102 of FIG.
1, and such elements may function similarly as described
with respect to the HMD 102 of FIG. 1.

[0039] Referring now to FIGS. 8A-D, exemplary em-
bodiments of the display element 116 according to the
inventive concepts disclosed herein are depicted. Forex-
ample, the display element 116 may have any suitable
sub-pixel architecture.

[0040] As shown in FIG. 8A, the display element 116
may have a six sub-pixel architecture. For example, each
pixel group 814 may have dimensions of 10 micrometers
(um) by 10 um. For example, each of the first, second,
and third sub-pixels 802, 804, 806, may have dimensions
of 3.33 um by 7.5 um. For example, each of the fourth,
fifth, and sixth sub-pixels 808, 810, 812 may be partially
masked to cause the fourth, fifth, and sixth sub-pixels
808, 810, 812 to be dimmer (e.g., four times dimmer or
100 times dimmer) than the first, second, and third sub-
pixels 802, 804, 806. For example, each of the fourth,
fifth, and sixth sub-pixels 808, 810, 812 may have overall
dimensions of 2.5 um by 2.5 um. For example, the un-
masked portion of each of the fourth, fifth, and sixth sub-
pixels 808, 810, 812 may have dimensions of 0.5 um by
0.5 um. For example, the effective pixel size when oper-
ating in night mode may be 0.5 um by 3.5 um, and this
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arrangement may have an advantageous high MTF.
While exemplary dimensions, shapes, and arrange-
ments are shown and described, some embodiments
may have any suitable dimensions, shapes, and arrange-
ments. For example, each pixel group 814 may be used
for white and/or color symbology and/or white and/or
color video when operating in night mode. Additionally,
because the first set of sub-pixels and the second set of
sub-pixels are not used simultaneously, manufacturing
defects can be decreased such that manufacturing yield
increases.

[0041] As shown in FIG. 8B, the display element 116
may have a six sub-pixel architecture. For example, the
display element 116 may have a plurality of the pixel
groups 814 shown in FIG. 8B.

[0042] As shown in FIG. 8C, the display element 116
may have a six sub-pixel architecture. The pixel group
814 of FIG. 8C may be implemented and function simi-
larly to the pixel group 814 of FIG. 8A, except that, for
the pixel group 814 of FIG. 8C, each of the first, second,
and third sub-pixels 802, 804, 806 may be split into two
parts (e.g., equal parts) 802-1/802-2, 804-1/804-2,
806-1/806-2. Each pair of the two parts 802-1/802-2,
804-1/804-2, 806-1/806-2 may be electrically connected
by a connector 816 such that a single transistor (e.g.,
706-1) can control whether the two parts 802-1/802-2,
804-1/804-2, 806-1/806-2 of each pair are allowed to or
restricted from illuminating. The fourth, fifth, and sixth
sub-pixels 808, 810, 812 may be positioned between the
two parts 802-1/802-2, 804-1/804-2, 806-1/806-2. For
example, the fourth, fifth, and sixth sub-pixels 808, 810,
812 may be positioned at a center of the pixel group 814,
and this may facilitate image alignmentand management
of distortion correction at a system level.

[0043] As shown in FIG. 8D, the display element 116
may have a six sub-pixel architecture. The pixel group
814 of FIG. 8D may be implemented and function simi-
larly to the pixel group 814 of FIG. 8C, except that, for
the pixel group 814 of FIG. 8D, each of the first, second,
and third sub-pixels 802, 804, 806 may omit the connec-
tors 816 and may extend around the centrally located
fourth, fifth, and sixth sub-pixels 808, 810, 812. For ex-
ample, the LED area for each of the first, second, and
third sub-pixels 802, 804, 806 may be 8% larger than the
area of the first, second, and third sub-pixels 802, 804,
806 of FIG. 8C, which may promote higher brightness
when operating in day mode.

[0044] Referring now to FIG. 9, an exemplary embod-
iment of a method 900 according to the inventive con-
cepts disclosed herein may include one or more of the
following steps. Additionally, for example, some embod-
iments may include performing one more instances of
the method 900 iteratively, concurrently, and/or sequen-
tially. Additionally, for example, at least some of the steps
of the method 900 may be performed in parallel and/or
concurrently. Additionally, in some embodiments, atleast
some of the steps of the method 900 may be performed
non-sequentially.
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[0045] A step 902 may include providing a display el-
ement comprising a plurality of pixel groups, each of the
plurality of pixel groups comprising afirst set of sub-pixels
and a second set of sub-pixels, the first set of sub-pixels
comprising a first sub-pixel configured to output light of
a first color, a second sub-pixel configured to output light
of a second color, and a third sub-pixel configured to
output light of a third color, the second set of sub-pixels
comprising a fourth sub-pixel configured to output light
of the first color, a fifth sub-pixel configured to output light
of the second color, and a sixth sub-pixel configured to
output light of the third color, wherein each of the fourth
sub-pixel, the fifth sub-pixel, and the sixth sub-pixel has
a maximum brightness that is dimmer than a maximum
brightness of each of the first sub-pixel, the second sub-
pixel, and the third sub-pixel.

[0046] A step 904 may include driving some or all sub-
pixels of one of the first set of sub-pixels or the second
set of sub-pixels while all sub-pixels of the other of the
first set of sub-pixels or the second set of sub-pixels are
undriven.

[0047] Further, the method 900 may include any of the
operations disclosed throughout.

[0048] As will be appreciated from the above, embod-
iments of the inventive concepts disclosed herein may
be directed to a method and a system including a first
set of sub-pixels and a second set of sub-pixels.

[0049] As used throughout and as would be appreci-
ated by those skilled in the art, "at least one non-transitory
computer-readable medium" may refer to as at least one
non-transitory computer-readable medium (e.g., e.g., at
least one computer-readable medium implemented as
hardware; e.g., at least one non-transitory processor-
readable medium, at leastone memory (e.g., atleastone
nonvolatile memory, at least one volatile memory, or a
combination thereof; e.g., at least one random-access
memory, at least one flash memory, at least one read-
only memory (ROM) (e.g., at least one electrically eras-
able programmable read-only memory (EEPROM)), at
least one on-processor memory (e.g., at least one on-
processor cache, at least one on-processor buffer, at
least one on-processor flash memory, at least one on-
processor EEPROM, or acombination thereof), oracom-
bination thereof), at least one storage device (e.g., at
least one hard-disk drive, at least one tape drive, at least
one solid-state drive, at least one flash drive, atleast one
readable and/or writable disk of at least one optical drive
configured to read from and/or write to the at least one
readable and/or writable disk, or a combination thereof),
or a combination thereof).

[0050] As used throughout, "at least one" means one
or a plurality of; for example, "at least one" may comprise
one, two, three, ..., one hundred, or more. Similarly, as
used throughout, "one or more" means one or a plurality
of; for example, "one or more" may comprise one, two,
three, ..., one hundred, or more. Further, as used
throughout, "zero or more" means zero, one, or a plurality
of; for example, "zero or more" may comprise zero, one,
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two, three, ..., one hundred, or more.

[0051] In the present disclosure, the methods, opera-
tions, and/or functionality disclosed may be implemented
as sets of instructions or software readable by a device.
Further, it is understood that the specific order or hierar-
chy of steps in the methods, operations, and/or function-
ality disclosed are examples of exemplary approaches.
Based upon design preferences, it is understood that the
specific order or hierarchy of steps in the methods, op-
erations, and/or functionality can be rearranged while re-
maining within the scope of the inventive concepts dis-
closed herein. The accompanying claims may present
elements of the various steps in a sample order, and are
not necessarily meant to be limited to the specific order
or hierarchy presented.

[0052] Itis to be understood that embodiments of the
methods according to the inventive concepts disclosed
herein may include one or more of the steps described
herein. Further, such steps may be carried out in any
desired order and two or more of the steps may be carried
out simultaneously with one another. Two or more of the
steps disclosed herein may be combined in a single step,
and in some embodiments, one or more of the steps may
be carried out as two or more sub-steps. Further, other
steps or sub-steps may be carried in addition to, or as
substitutes to one or more of the steps disclosed herein.
[0053] From the above description, it is clear that the
inventive concepts disclosed herein are well adapted to
carry out the objects and to attain the advantages men-
tioned herein as well as those inherent in the inventive
concepts disclosed herein. While presently preferred em-
bodiments of the inventive concepts disclosed herein
have been described for purposes of this disclosure, it
will be understood that numerous changes may be made
which will readily suggest themselves to those skilled in
the art and which are accomplished within the broad
scope and coverage of the inventive concepts disclosed
and claimed herein.

Claims

1. A system, comprising:
a display element (116), comprising:
a plurality of pixel groups (814), each of the plurality
of pixel groups comprising:

a first set of sub-pixels, comprising:

a first sub-pixel (802) configured to output
light of a first color;

a second sub-pixel (804) configured to out-
put light of a second color; and

a third sub-pixel (806) configured to output
light of a third color; and

a second set of sub-pixels, comprising:
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afourth sub-pixel (808) configured to output
light of the first color;

a fifth sub-pixel (810) configured to output
light of the second color; and

a sixth sub-pixel (812) configured to output
light of the third color;

wherein each of the fourth sub-pixel, the fifth
sub-pixel, and the sixth sub-pixel has a maxi-
mum brightness that is dimmer than a maximum
brightness of each of the first sub-pixel, the sec-
ond sub-pixel, and the third sub-pixel;

wherein some or all sub-pixels of one of the first
set of sub-pixels or the second set of sub-pixels
are driven while all sub-pixels of the other of the
first set of sub-pixels or the second set of sub-
pixels are undriven.

The system of claim 1, wherein each of the fourth
sub-pixel, the fifth sub-pixel, and the sixth sub-pixel
has the maximum brightness that is at least four
times dimmer than the maximum brightness of each
of the first sub-pixel, the second sub-pixel, and the
third sub-pixel, wherein each of the fourth sub-pixel,
the fifth sub-pixel, and the sixth sub-pixel has a min-
imum brightness that is dimmer than a minimum
brightness of each of the first sub-pixel, the second
sub-pixel, and the third sub-pixel.

The system of claim 1 or 2, wherein the first sub-
pixel is a red sub-pixel configured to output red light,
wherein the second sub-pixel is a green sub-pixel
configured to output green light, wherein the third
sub-pixelis a blue sub-pixel configured to outputblue
light, wherein the fourth sub-pixel is another red sub-
pixel configured to output red light, wherein the fifth
sub-pixel is another green sub-pixel configured to
output green light, wherein the sixth sub-pixel is an-
other blue sub-pixel configured to output blue light.

The system of claim 3, further comprising at least
one processor (110) communicatively coupled to the
display element, the at least one processor config-
ured to: operate in a day mode and a night mode;
wheninthe day mode, receive red green blue (RGB)
video, and drive some or all of the red, green, and
blue sub-pixels of each of the first set of sub-pixels
corresponding to the RGB video such that the RGB
videois displayed with relatively high brightness; and
when in the night mode, receive the RGB video, and
drive some or all of the red, green, and blue sub-
pixels of each of the second set of sub-pixels corre-
sponding to the RGB video such that the RGB video
is displayed with relatively low brightness.

The system of claim 4, further comprising control cir-
cuitry (702) communicatively coupled to the display
element and to the control circuitry, wherein the con-
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10.

1.

12.

13.

14.

trol circuitry includes: a first transistor (706-1) com-
municatively coupled to the first sub-pixel, a second
transistor (706-1) communicatively coupled to the
second sub-pixel, a third transistor (706-1) commu-
nicatively coupled to the third sub-pixel, a fourth tran-
sistor (706-2) communicatively coupled to the fourth
sub-pixel, a fifth transistor (706-2) communicatively
coupled to the fifth sub-pixel, and a sixth transistor
(706-2) communicatively coupled to the sixth sub-
pixel.

The system of claim 5, wherein when operating in
the day mode, the first transistor, the second tran-
sistor, and the third transistor allow the first, second,
and third sub-pixels, respectively, to be driven while
the fourth transistor, the fifth transistor, and the sixth
transistor prohibit the fourth, fifth, and sixth sub-pix-
els, respectively, from being driven; wherein when
operating in the night mode, the first transistor, the
second transistor, and the third transistor prohibit the
first, second, and third sub-pixels, respectively, from
being driven while the fourth transistor, the fifth tran-
sistor, and the sixth transistor allow the fourth, fifth,
and sixth sub-pixels, respectively, to be driven.

The system of claim 6, wherein the atleast one proc-
essor is further configured to:

determine whether to operate in the day mode or the
night mode.

The system of any preceding claim, wherein each of
the plurality of pixel groups is configured to provide
color output by using 24 bits of bandwidth.

The system of any preceding claim, further compris-
ing an optical system, the optical system comprising
the display element.

The system of claim 9, further comprising a head-up
display, HUD (602), the HUD comprising the optical
system.

The system of claim 9, further comprising a head
wearable device (102), the head wearable device
comprising the optical system.

The system of claim 11, wherein the head wearable
device is a near-eye display.

The system of claim 11, wherein the head wearable
device is a helmet-mounted display, HMD.

The system of claim 13, wherein the HMD further
comprises an eye tracking system (104), a head
tracking system (106), at least one night vision sen-
sor (108), at least one processor (110), and a visor
(114).
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15. A method (900), comprising:

providing a display element (116) comprising a
plurality of pixel groups (814), each of the plu-
rality of pixel groups comprising a first setof sub- 5
pixels and a second set of sub-pixels, the first

set of sub-pixels comprising a first sub-pixel
(802) configured to output light of a first color, a
second sub-pixel (804) configured to output light

of a second color, and a third sub-pixel (806) 70
configured to output light of a third color, the sec-

ond set of sub-pixels comprising a fourth sub-
pixel (808) configured to output light of the first
color, a fifth sub-pixel (810) configured to output
light of the second color, and a sixth sub-pixel 15
(812) configured to output light of the third color,
wherein each of the fourth sub-pixel, the fifth
sub-pixel, and the sixth sub-pixel has a maxi-
mum brightness that is dimmer than a maximum
brightness of each of the first sub-pixel, the sec- 20
ond sub-pixel, and the third sub-pixel; and

driving some or all sub-pixels of one of the first

set of sub-pixels or the second set of sub-pixels
while all sub-pixels of the other of the first set of
sub-pixels or the second set of sub-pixels are 25
undriven.

30

35

40

45

50

55

10



EP 3 901 689 A2

HELMET MOUNTED DISPLAY

104
EYE TRACKING SYSTEM
106
HEAD TRACKING SYSTEM
108
NIGHT VISION SENSOR
110
PROCESSOR
112
OPTICAL SYSTEM
116 DISPLAY ELEMENT
114

VISOR

FIG.1

1"




EP 3 901 689 A2

12

FIG.2



EP 3 901 689 A2

EYE TRACKING SYSTEM

()
N

IMAGE SENSOR

LIGHT SOURCE
306
PROCESSOR
308
MEMORY

FIG.3

13




EP 3 901 689 A2

HEAD TRACKING SYSTEM
402
SENSOR
404
PROCESSOR
406
MEMORY

FIG.4

14




EP 3 901 689 A2

L1
3

NEAR-EYE DISPLAY

[N
Lew)

PROCESSOR

—h
2%

OPTICAL SYSTEM

b
o

DISPLAY ELEMENT

FIG.5
HUD
110
PROCESSOR
112
OPTICAL SYSTEM

o

DISPLAY ELEMENT

FIG.6

15




EP 3 901 689 A2

7-90/—

JADIE

1-90/—

o/ \

Now\

G

L-v0L

1HOIN/AVA

Y

440/NO
13X1d-9Ns

40SS300dd

0l

/Nom

16



EP 3 901 689 A2

v8'9Ild

P18<

/oow

/vcw

ANIWIT3 AV1dSId

/Now

17



EP 3 901 689 A2

DISPLAY ELEMENT

O

<t
2o}

>814

>814

QA {é}: én%

18

FIG.8B



EP 3 901 689 A2

[431

J8'9I4

19

<2
<2
<2

<2
<
<2
<2

“
<

<2

<
<

o

O

930s%%
o




dg ol

O G000 0 e
0“0“0“0“0“0“0“0“ B
e e
> > ]
O 0000, O e S E L EE e
0000000“000000 0eteete el B, B
e e
250N B e e et
SR R e e
1200020002020 5 %000 020 s E
tele SR RIS ]

elele! e T EISTAT
O G B T T

55 0000“0“0“0“0000 I N
RRRIRIRKALS e
0000000 e e e G o B L P
SRR
10000000 00 e e e e o B T (oI e
SRR
SRR I e
0 e e e e 20 0 e e e B B
QN“OM%OQ%OO?OO”&”“ON%O B R
R G G . O B

o

(18— X e 808

EP 3 901 689 A2

bodedede
Petetotetede!
beleleletelede
osesetesatesstetetetess
SRR L LKA
SRRILRLRR

<X
0020.0:0.9.0.02
B e e e e
e
0000““““00000000“0“ R Rt R t]
KA AA A KA

20



EP 3 901 689 A2

PROVIDING A DISPLAY ELEMENT COMPRISING A
PLURALITY OF PIXEL GROUPS, EACH OF THE
PLURALITY OF PIXEL GROUPS COMPRISING A FIRST
SET OF SUB-PIXELS AND A SECOND SET OF
SUB-PIXELS, THE FIRST SET OF SUB-PIXELS
COMPRISING A FIRST SUB-PIXEL CONFIGURED TO
OUTPUT LIGHT OF AFIRST COLOR, A SECOND
SUB-PIXEL CONFIGURED TO OUTPUT LIGHT OF A
SECOND COLOR, AND A THIRD SUB-PIXEL
CONFIGURED TO OUTPUT LIGHT OF ATHIRD
COLOR, THE SECOND SET OF SUB-PIXELS
COMPRISING A FOURTH SUB-PIXEL CONFIGURED TO
OUTPUT LIGHT OF THE FIRST COLOR, AFIFTH
SUB-PIXEL CONFIGURED TO OUTPUT LIGHT OF THE
SECOND COLOR, AND A SIXTH SUB-PIXEL
CONFIGURED TO OUTPUT LIGHT OF THE THIRD
COLOR, WHEREIN EACH OF THE FOURTHSUB-PIXEL,
THE FIFTH SUB-PIXEL, AND THE SIXTH SUB-PIXEL
HAS A MAXIMUM BRIGHTNESS THAT IS DIMMER
THAN A MAXIMUM BRIGHTNESS OF EACH OF THE
FIRST SUB-PIXEL, THE SECOND SUB-PIXEL, AND THE
THIRD SUB-PIXEL

DRIVING SOME OR ALL SUB-PIXELS OF ONE OF THE

FIRST SET OF SUB-PIXELS OR THE SECOND SET OF

SUB-PIXELS WHILE ALL SUB-PIXELS OF THE OTHER

OF THE FIRST SET OF SUB-PIXELS OR THE SECOND
SET OF SUB-PIXELS ARE UNDRIVEN

FIG.9
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